Elevated blood pressure (BP) levels represent an important risk factor for cardiovascular disease. Lifestyle factors associated with increased BP levels have been extensively investigated in adults, but not in children. Therefore, we aimed to explore associations among modifiable lifestyle and levels of BP in 10-to13-year-old children. A subsample of the CYKIDS (CYprus KIDS) national cross-sectional study consisting of 622 children (11.7±0.83 years) was used to evaluate the research hypothesis. Measurements included BP, height, weight and waist circumference. Body mass index (BMI) was calculated according to the International Obesity Task Force (IOTF) criteria. Adherence to the Mediterranean diet was assessed by the KIDMED (Mediterranean Diet Quality Index for children and adolescents) diet score, whereas physical activity was assessed through a physical activity index. Results have shown that the cutoff value of 120/80 mm Hg was significantly associated with various lifestyle indices. BMI was positively associated with systolic BP (SBP)4120 mm Hg (odds ratio (OR) ¼ 1.21, 95% confidence interval (CI) 1.11-1.32); diastolic BP (DBP)480 mm Hg (OR ¼ 1.13, 95% CI 1.01-1.27) and SBP/ DBP4120/80 mm Hg (OR ¼ 1.20, 95% CI 1.10-1.31). Moreover, children who reported that they frequently eat while watching television were about two times more likely to have elevated SBP or overall BP, whereas children with low socioeconomic status levels were more than 2.5 times more likely to have elevated BP levels. Finally, compared with those with at least an average KIDMED score, children with low score were 75% less likely to have elevated DBP levels, whereas they exhibited a nonsignificant trend for lower SBP (by 29%) and lower overall BP levels (by 30%). Similar results emerged when the above analyses were repeated using the American reference values. Conclusively, our study suggests that lifestyle factors play an important role in determining BP levels in children; a finding that underlines the importance of lifestyle modifications in children.
Introduction
It is now widely accepted that atherosclerosis begins in childhood and has similar risk factors as those identified in adults. 1, 2 One of the most potent risk factors of atherosclerotic diseases is elevated blood pressure (BP) levels. 1 As it has been well documented, BP levels track with age, from childhood into adulthood, 1 whereas the presence of elevated BP at young age is a predictor of BP elevation later in life. 3 Moreover, it has been proposed that BP in children is associated with the same lifestyle factors as in adults, that is, body weight, 4,5 diet 2 and physical activity 5, 6 or inactivity. 7 Prevention should therefore begin as early as possible, and be based on lifestyle modifications, including the management of body weight, an increase in physical activity and the adoption of a diet low in sodium, but rich in fresh fruit and vegetables, fibre and low-fat dairy. 8 Despite the existence of these recommendations for the management and prevention of elevated BP in children, the relevant evidence is limited and conflicting, and data extrapolated from adults are often used instead. 2, [8] [9] [10] Specifically, although the adverse effect of increased body weight and obesity on children's BP levels has already been well documented in several ethnic groups, 4, 5, [10] [11] [12] [13] [14] the relationship with other modifiable lifestyle factors, such as diet and physical activity, has not been studied sufficiently. 2, 8, 10 We therefore sought to explore whether BP levels of children are influenced by specific modifiable lifestyle characteristics, such as dietary habits and patterns and physical activity. Our sample was derived among 10-to 13-year-old children living in Cyprus, a Mediterranean island.
Subjects and methods

Study sample
The CYKIDS (CYprus KIDS) study is a nation-wide, cross-sectional survey that was conducted during the school year [2004] [2005] and covered all the freely accessed districts of the Republic of Cyprus. Sampling was multistage (four stages) and stratified by the number of students in each of the five provinces, as provided by the Ministry of Education and by place of residence (place of school was used as a proxy), urban or rural, as provided by the Cyprus Statistical Service. 15 A total of 1589 children of fourth, fifth and sixth grade (10-12 years) in 24 primary schools were identified for potential enrolment; 1140 agreed to participate (72% participation rate), representing 3.7% of the total population. All children filled a food frequency questionnaire and a semiquantitative physical activity questionnaire, whereas parents responded to a short questionnaire that included socio-demographic data and information on the family's culinary and child-feeding practices. Arterial BP, body weight, height and waist circumference were measured during the next school year, when the permission for performing those measurements was granted by the Ministry of Education, in a subsample of 622 children (306 boys, 11.39±0.66 years; 316 girls, 11.43±0.63 years). This subsample represents 2% of the reference population of the corresponding ages and included all the children from the original sample who were still enrolled at school.
The study design was approved by the Ethics Committee of the Harokopio University and by the Ministry of Education and Culture (Department of Primary Education) as required by law in Cyprus, for studies carried out at schools during formal school hours. Informed consent was signed by the parent or the guardian of each participant.
Measurements BP was measured by trained nurses, using a mercury sphygmomanometer (Baumanometer; WABaum Co. Inc., New York, USA) equipped with two types of cuff: a cuff of 18 cm Â 26 cm for the children of this age (child/small adult size) and a regular adult-size cuff (25 cm Â 35 cm) for children with arm circumferences exceeding 26 cm. Thus, taking into consideration the two major conditions that should apply regarding the use of proper cuff, that is, the allowed maximum arm circumference and the bladder should encircle arm at least by 80%. 8 Children were calm, in a sitting position, with right arm resting on a solid supporting surface at heart level and at least 15 min at rest. The onset of the fifth Korotkoff phase has been used as being representative of diastolic BP (DBP). As no national reference values for BP exist for Cypriot children, we used two criteria for defining elevated systolic BP (SBP) and DBP: first, the values of 120 mm Hg for SBP and 80 mm Hg for DBP, respectively, using as a reference the recommendation from the fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents, which states that 'yas with adults, children and adolescents with BP levels at 120/80 mm Hg or above, but less than the 95th percentile, should be considered prehypertensive', 8 and second, the cutoff value of the 90th percentile of the American reference values. Use of the cutoff values of 120/80 mm Hg was deemed as appropriate, as these values are also being used widely in the paediatric practice in Cyprus.
Information on socio-demographic characteristics, such as age, gender, place of residence and family size, was collected for all children using a special questionnaire. Information regarding other demographic characteristics that could not be provided with sufficient accuracy by children, such as parents' educational level, income and profession, was collected through a short questionnaire that was filled by the parents. Socioeconomic status (SES) was estimated from parents' educational level and type of occupation, according to the SES definition that was given by the University of Nicosia Research Center (Cyprus), and takes into consideration parents' education and profession. The highest level of education and profession (according to the classification provided by the Research Department of the University of Nicosia) reported by either parent was used as an estimate of the family's SES level. Others have used a similar method for the estimation of parental educational level. 16 We also assessed children's adherence to the Mediterranean diet by applying the KIDMED index (Mediterranean Diet Quality Index for children and adolescents). The index 17 is derived from 16 components that summarize the principles of the Mediterranean diet prototype and provides an arithmetic score that ranges from 0 to 12; a score of 0-3 reflects a poor diet in relative to the Mediterranean diet principles, whereas values between 4-7 and 8-12, average and good adherence to the principles of the Mediterranean diet, respectively. More specifically, the KIDMED index presumes daily consumption of at least one serving of fruit and vegetables, whereas consumption of at least two servings from each group is preferred. Level of recommended consumption for dairy products is at least three servings daily: one dairy product in breakfast and at least two servings of yogurt and/or cheese during the remaining part of the day. Consumption of grains and cereals is recommended daily during breakfast, whereas pasta or rice should be consumed at least five times per week. A weekly consumption of at least 2-3 servings is presumed for nuts and fish, and of at least two servings for pulses. Olive oil is recommended for culinary use, but no frequency is suggested. Dietary behaviours that are viewed as detrimental and alien to the principles of the Mediterranean diet include the frequent intake of sweets and candies (we defined this as more than twice daily), the use of commercially baked goods and pastries in breakfast, having meals in fast-food outlets and the abstinence from breakfast.
A physical activity index was calculated based on two variables that measured the weekly frequency (0, 1-2, 3-5 and 6-7 times) of all running and walking activities. 18 The daily average TV (television) viewing time was calculated based on three variables that measured the time children watch TV on a typical day, on weekends, as well as the day before the survey. We finally included a variable to evaluate the interaction between time spent watching TV and eating ('TV watching while eating') because previous research points to the fact that food consumed during sedentary activities (that is, watching television) may be an important determinant of body mass index (BMI) [19] [20] [21] and cardiovascular risk indices, 7, [19] [20] [21] including hypertension, in children. 7, 21 To check for possible collinearity between the variables of 'daily average TV viewing time' and 'TV watching while eating', we examined the bivariate correlations and found the Spearman's r to be 0.138. We therefore kept both variables in the multiadjusted analysis.
Anthropometric data (that is, weight, height and waist circumference) were collected according to a standard protocol described in Heymsfield et al. Obesity was defined by International Obesity Task Force's (IOTF) age-and sex-specific BMI cutoff criteria. 23 
Statistical analysis
Continuous variables are presented as mean (s.d.), whereas categorical variables are presented as absolute and relative frequencies. Normality of variables' distribution was tested by the examination of Q-Q plots and by Kolmogorov-Smirnov test. Data of SBP and DBP were not normally distributed; differences in their distributions between groups were therefore tested by the Kruskall-Wallis test.
Associations between categorical variables were tested by the w 2 test. Differences between means of BP levels by gender were tested using the MannWhitney test. Strength and direction of correlations between potential correlates of BP and BP were tested by Spearman's r correlation coefficient. Logistic regression analyses were then applied with dependent variables being the two levels of SBP (p120 vs 4120 mm Hg and o90th vs X90th percentile) and DBP (p80 vs 480 mm Hg and o90th vs X90th percentile), respectively, and covariates age, gender, SES, children's BMI (continuous), KIDMED score (categorical), physical activity levels (that is, the physical activity index), time watching TV (categorical) and a variable that measures the interaction of TV watching and eating at the same time. We excluded waist circumference variable from the logistic models because of high correlation (40.70) with BMI variable (avoiding collinearity).
All reported P-values are based on two-sided hypotheses and the level of significance is set at 5%. SPSS 13.0 software (Statistical Package for Social Sciences, Chicago, IL, USA) was used for all statistical calculations.
Results
BP levels, demographic and lifestyle characteristics of the children The median SBP and DBP were 110 (100-120) mm Hg and 65 (60-70) mm Hg for boys and girls, respectively, showing no difference between the two genders. Furthermore, 13.3% of boys and 8.8% of girls had SBP and/or DBP levels above 120/ 80 mm Hg (P ¼ 0.02), whereas the respective values when the 90th percentiles of the American reference values 8 were used as cutoffs, were 13.9% for boys and 15.4% for girls (P ¼ 0.46).
Selected demographic, anthropometric and lifestyle characteristics of the participants are presented in Table 1 , by BP level, using the 120/80 mm Hg cutoff value. Waist circumference, obesity status and BMI differed by the level of BP. We also examined the correlation of the variables used as confounders (gender, age, place of living, SES, quality of diet as expressed by the KIDMED score, physical activity index, TV viewing time and eating at the same time as watching TV) to the aforementioned obesity indices, to investigate possible mediating effects. Results showed that most correlations were nonsignificant, except for the relationships observed between waist circumference categories and gender (boys/girls, r ¼ À0.84, P ¼ 0.028) on the one hand, and BMI and 'eating at the same time as watching TV' (always-frequently/never-seldom, r ¼ þ 0.12, P ¼ 0.004) on the other hand. Finally, children living in an urban environment seem to have better BP levels compared with their counterparts in rural areas. Spearman correlations between the variables presented in Table 1 and levels of SBP, DBP and BP revealed an inverse correlation between SBP levels and the physical activity index (r ¼ À0.10, P ¼ 0.02), as well as between DBP levels and the KIDMED score category (r ¼ À0.102, P ¼ 0.04). Positive correlations were also observed between SBP levels and SES level (high/medium/low; r ¼ þ 0.138, P ¼ 0.002), between DBP levels and TV viewing (up to 2 h day À1 /more 2 h day À1 ; r ¼ þ 0.108, P ¼ 0.015) and between BP level and SES levels (r ¼ þ 0.109, P ¼ 0.04), and TV viewing (r ¼ þ 0.10, P ¼ 0.04).
Multiadjusted analyses
In Table 2 , the fully adjusted associations between BP levels and the lifestyle parameters under investigation are presented. Our results reveal that in this children's population both the cutoff values of 120/80 mm Hg and the 90th percentile of the American reference values are significantly associated Blood pressure risk factors in children C Lazarou et al with certain lifestyle indices. Obesity was associated with elevated SBP, DBP or overall BP. Specifically, it was observed that each 1 kg/m 2 increase in BMI was associated with a 13, 21 and 20% increase in the likelihood of having elevated DBP, SBP levels and overall BP, respectively, when using the 120/80 mm Hg cutoffs, whereas the results were very similar when applying the 90th percentile as the cutoff (Table 1) . A positive relationship was found between the practice of eating while watching TV and elevated BP levels, that is, children who reported watching TV while eating were about two times more likely to have elevated SBP or overall BP, by both cutoff values. Additionally, average or good KIDMED score was inversely associated with elevated SBP and DBP levels or overall BP, but this trend was statistically significant only for DBP (P ¼ 0.03 and 0.04 by 120/ 80 mm Hg and 90th percentile cutoffs, respectively, for fully adjusted models). Specifically, compared with poor adherers to the Mediterranean diet, those with at least an average KIDMED score were 75% (by Blood pressure risk factors in children C Lazarou et al the 120/80 mm Hg cutoff) to 80% (by the 90th percentile cutoff) less likely to have elevated DBP levels; a nonsignificant trend for lower rates of elevated SBP (by 29 and 2% for each one of the cutoffs, respectively) and elevated overall BP (by 40 and 38% for each one of the cutoffs, respectively) was also observed. Overall, the fully adjusted models (Table 2 ) explain 21.5 and 22.8% of the variability of SBP and DBP levels (by the 120/ 80 mm Hg cutoff), respectively (using the Nagelkerke pseudo-R 2 ), whereas the respective values when using the 90th percentile cutoff were 15.8 and 16.0%. When age, gender, eating habits, physical activity and anthropometric indices were taken into account, no other significant associations were observed between BP and any of the other sociodemographic variables, except for a positive association between SBP, overall BP and low SES--by 120/80 mm Hg cutoff--and a positive association between SBP, overall BP and place of residence-by the 90th percentile cutoff.
Discussion
Our study in a population-based sample of children in Cyprus showed that roughly, 1 out of 10 boys and girls had elevated BP levels. Moreover, BMI and high frequency of eating while watching TV were positively associated with BP levels, whereas an inverse relationship was shown between the degree of adherence to the Mediterranean diet and DBP levels. Results were very similar when using either the 90th percentile cutoff of the American reference values, 8 or the 120/80 mm Hg cutoff. We thus propose that the cutoff value of 120/80 mm Hg deserves to be further explored in relation to potential risk or protective factors for hypertension in children.
The well-established association between obesity and elevated BP in children 5, 4, 10, [12] [13] [14] 24 has also been confirmed in our study. Failure to identify significant associations between physical activity and BP levels may be attributed to limitations of the Blood pressure risk factors in children C Lazarou et al assessment tools used that obtain subjective estimates. 25 However, even studies that have used objective criteria for assessing physical activity have not always been able to demonstrate a relationship between BP and physical activity. 10, 25, 26 A possible explanation for the lack of an association between physical activity and BP in our study may lie in the mediating effect of BMI. In contrast to the above results, a positive association emerged between an important sedentary behaviour, that is, the number of hours spent by children in watching TV and BP levels. The effect of sedentary activities on BP, and especially the time devoted to watching TV, has been previously reported to be more of a potent factor as compared with physical activity. 9 Other investigators have also reported significant positive relationships of TV viewing with BP levels in children, 7, 9 but to the best of our knowledge, the way this effect is mediated has not been investigated yet. We have also demonstrated an association between TV viewing while eating and SBP, irrespective of various potential confounders. Our observations underline that the relationship of BP levels to the frequency one eats while watching TV is independent of the total time spent in watching TV. To the best of our knowledge, this is the first study that reports such a relationship in children, and could be attributed to the types of food children consume in front of the TV screen. 20, [27] [28] [29] [30] We have also revealed the protective effect of the Mediterranean diet on BP levels. Our results are in accordance with the current evidence in adults, 2, [31] [32] [33] [34] [35] [36] [37] as well as with evidence from children, 24 which supports that dietary patterns predict BP levels better than several individual nutrients. 2, 31 Regarding the lack of association between diet and SBP, it can be argued that it may be due to the masking effect of other factors, such as the increased body weight and BMI, on which macronutrient intake exerts a more pronounced effect. 38 Previous studies have shown that low SES may be associated with higher BP in children, in a manner similar to adults. 39 The present study also points to such a relationship ( Table 2 ). We may speculate that the observed association between rural residence and increased BP levels (Table 1 ) might be partly due to the influence of SES; SES is considered to be one of the most powerful confounding factors to which many of the differences between urban and rural environment are attributed. 40 It is noteworthy that when applying the 90th percentile cutoffs, a significant association appeared in relation to the place of residence and BP levels as well (Table 2) . We then examined the interaction effect of SES and place of residence on BP levels, but in all cases the results were insignificant. One would presume that kids in rural areas would have less access to unhealthy food and more opportunities for physical activity and thus, lower rates of high BP. However, as we have found, Cypriot children living in rural areas do not differ from their counterparts in urban areas, neither in their physical activity and sedentary patterns 41 nor in their diet. 42 Furthermore, the observed positive association of low SES level to high BP might be attributed to differences in educational level, 43 or residual confounding we could not take into consideration, such as the birth weight. 44 Compared with previous studies conducted among children, 5, 9 our results indicate a high prevalence of elevated BP levels, in Cypriot children. The fact that we performed only one measurement may represent a methodological limitation. A recent Greek study, however, that examined children of the same ethnic background as ours also reported similarly high rates of elevated BP. 45 Furthermore, significant ethnic differences in rates of elevated BP have been observed in other populations. 14, 46 Estimated prevalence of elevated BP among boys was very similar, whether the 120/80 mm Hg or the 90th percentile cutoff was applied (15.8 vs 13.9%); whereas among girls, the estimated prevalence by the 90th percentile cutoff was almost double (8.7 vs 15.4%). Thus, it seems possible that the cutoff value of 120/80 mm Hg may have led to misclassification of cases in girls, despite the fact that the associations with the various lifestyle and socio-demographic factors were very similar by both cutoffs (Table 2) . Therefore, any comparison with the results of other studies regarding the prevalence of elevated BP should be made with caution.
Limitations and strengths
The present study is a cross-sectional one and conclusions cannot be drawn on causality, but only on evidence, which can be valuable in future investigations. Because only one measurement of BP was recorded, a misclassification of children into normal and elevated BP level groups might have occurred. This practice, however, has been frequently used by other investigators in populationbased studies, and the normative reference values for BP in US children were based on only one measurement. 8 The absence of normative reference values in Cyprus and the use of the rather arbitrary cutoff value of 120/80 mm Hg and the cutoff of the 90th percentile according to the American reference values to define the elevated BP may be another cause of misclassification in our study. Because our population was very homogeneous, these cutoff values are indeed associated with certain protective or risk factors and, as demonstrated above, their use bears merit. Finally, as no data on the children's Tanner stage were available, we did not consider their pubertal status and thus may have introduced a confounding effect.
We revealed that elevated BP levels in children are related to a number of lifestyle characteristics, such as the frequency of eating while watching TV and the degree of adherence to the Mediterranean diet. Our findings expand the current scientific knowledge on the benefits of the traditional Mediterranean diet on BP levels among children. We finally observed a positive association between BP and BMI, and BP and low SES level. Our findings may be valuable in designing future health-care strategies that will more effectively prevent hypertension and cardiovascular disease.
